Introduction
The moderating effect that endurance exercise training has on the blood pressure of hypertensive individuals is well documented. A growing body of literature also indicates that acute bouts of exercise can have a transient effect of lowering blood pressure, for at least several hours following the exercise. This phenomenon has been termed post exercise hypotension (PEH). Most previous studies have documented PEH during seated or supine rest following exercise [1] [2] [3] [4] [5] [6] but several have attempted to examine whether hypotension is preserved during subsequent mild exercise or routine daily activities. [7] [8] [9] [10] Results from these studies are contradictory and may be confounded by the fact that, with the exception of one, 10 post exercise activity was not controlled and that most investigators used intermittent auscultatory methods to determine blood pressure. Given the great differences in blood pressure control measurements taken without prior exercise. The maximal difference in SBP, DBP and MAP between trials was 26, 7 and 13 mm Hg respectively. Average differences in SBP, DBP and MAP between trials were 16, 5 and 8 mm Hg respectively. This relative hypotension occurred in spite of higher heart rates during the ADL measurement period following the prior exercise. Furthermore, many of the blood pressure measurements during the post exercise period were significantly lower than the pre-exercise values during the same trial. We conclude that post exercise hypotension persists during mild exercise and simulated ADL. Although the duration of this relative hypotension needs to be determined, acute exercise may serve as a non-pharmacological aid in the treatment of hypertension.
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between rest and activity and the influences of the breathing cycle and other cyclic waves on blood pressure, these auscultatory methods are prone to sampling error and may provide inaccurate or inconsistent results. It should also be noted that in assessing these studies, some have failed to address the influences of diurnal variation in blood pressure by only comparing post-exercise blood pressure to a pre-exercise control value. 9, 11, 12 These studies failed to detect any long-term reduction in blood pressure. Those comparing post exercise blood pressure to blood pressure following a control period of rest, in a free-living environment, have found significant decrements in blood pressure for up to 12.7 h in hypertensive individuals. 7, 8, 10 However, these studies may also be misleading in that a bout of exercise may induce a more sedentary period post exercise under free-living conditions. Therefore, the purpose of this investigation was to examine the effects of prior exercise on blood pressure during mild exercise and simulated activities of daily living (ADL) using direct measurements of arterial pressure. Given that nutritional changes and exercise are first-line strategies in the treatment of mild hypertension, it is important to accurately characterise the efficacy of these. From a practical standpoint, the PEH phenomenon will have clinical utility only if the relative hypotension is sustained during activities of daily living.
Subjects and methods

Subjects
Eight recreationally active participants (six males (M), two females (F)), with low borderline systolic hypertension (143 ± 9/73 ± 6 mm Hg) (mean ± s.d.) volunteered to participate in this study. None were taking any antihypertensive medications. Participants had a mean age of 23 ± 4 years, a mean height of 177 ± 12 cm (F = 165 ± 4, M = 182 ± 11) and a mean weight of 79 ± 4 kg (F = 67 ± 6, M = 81 ± 3). The McMaster University Human Ethics Committee approved the study and subjects were advised of the risks before providing written informed consent.
Preliminary testing
Subjects' maximal aerobic power (V O 2 Peak ) was assessed by a standard continuous progressive loading protocol on an electrically braked cycle ergometer (Eric Jaeger, Hoechberg, Germany). Expired gases were measured using a computerised open circuit gas collection and analysis system. Expired gases were collected and oxygen consumption was calculated every 30 s during the test until fatigue. V O 2 Peak was determined as the highest oxygen consumption (averaged over 1 min) achieved during the test. Details of this testing have been previously described. 6 
Protocol
Subjects reported to the laboratory after a 4-h fast on two separate occasions separated by at least 1 week. During the 36 h preceding each trial, ingested food was kept constant between trials, by having the subjects consume identical meals and portions. The diet was free from any stimulants or depressants known to affect blood pressure (eg caffeine and alcohol). Additionally, no formal exercise was performed during this period. Upon arriving at the laboratory, a 3.8 cm, 20-gauge catheter was inserted into the radial artery and coupled to a saline-Heparin (1000 mL:500 units) (Wyeth-Ayerst, Toronto, ON, Canada) drip, equipped with a pressure transducer (Novotrans, MX 800: Medex Inc, Hilliard, OH, USA) for the direct measurement of blood pressure. This transducer was placed at mid-sternal level and coupled to an amplification system (Acudata, model 143, Honeywell Inc., Denver, CO, USA) and an online data acquisition package (Windaq/200: DataQ Instruments Inc, Akron, OH, USA) sampling at a frequency of 300 Hz. Calibration of the pressure monitoring system was completed using a mercury manometer before each individual trial. The system was calibrated to show a linear response between 0 and 300 mm Hg. Subjects then remained in a seated, resting position for a minimum of 30 min before the collection of baseline measurements. After a 5 min recording of baseline blood pressure and heart rate, subjects completed either 30 min of cycling at a power output eliciting 70% of V O 2 Peak , or 30 min of quiet, seated rest (randomised order).
After cycling or rest, the participants then completed a 70 min protocol of mild exercise and simulated ADL. This protocol consisted of 5 min of seated rest (1-sit), 5 min of quiet standing (2-stand), 10 min of level treadmill walking at 4.8 kilometres per hour (km/h) (3-walk), 15 min of seated rest (4-sit), 10 min of cycle ergometry at 100 Watts (5-cycle), 5 min of treadmill walking at 4.8 km/h (6-walk), 5 min seated rest (7-sit), 5 min of treadmill walking at 4.8 km/h while carrying a 5.7 kg briefcase (8-wtwalk) and 10 min of seated rest (9-sit). These activities were specifically chosen to mimic some of the more common activities of daily living. Blood pressure was continuously monitored for the entire trial and averaged over each segment of activity. Heart rate was recorded at three equidistant times during each segment and the average was taken as the heart rate for that segment. The two trials were performed at the same time each day and laboratory temperature and humidity was kept constant for each (23°C, 70% relative humidity).
Analysis
Blood pressure waveforms were analysed using a Windaq data analysis program. Systolic and diastolic blood pressure (SBP/DBP) were calculated as the highest point and lowest point prior to the last inflection point in the waveform, respectively. The quotient of the integrated pressure and the duration of the time interval determined mean arterial pressure (MAP).
Power spectral analysis of heart rate variability (HRV)
To assess the potential contribution of the autonomic nervous systems to PEH, power spectral analysis of HRV was employed. For a review on this procedure see Kamath and Fallen. 13 Briefly, the time series of the heart rate data were linearly interpolated on an xy series to a standard interval series that can be numerically processed using standard fast Fourier transformation (FFT) techniques. Data were then filtered using a low pass Butterworth filter followed by a Hammond window. Power spectral density was calculated and then integrated and normalised. Data falling above 0.15 Hz was considered high frequency, and data falling below 0.15 Hz was considered low frequency. The low frequency area to high frequency area ratio (LF:HF) was calculated and considered indicative of relative changes in sympathetic activity. The high frequency to total area ratio (HF:Total) was calculated as an index of parasympathetic activity.
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Statistical analysis
All data were analysed using two state by 10 condition, multiple analyses of variance (MANOVA) (Statistica, Statsoft, Tulsa, OK, USA). Significant findings were assessed using the Tukey honestly significant difference post hoc comparison. Values are expressed as means ± s.d. unless otherwise noted.
Results
The effects of exercise on SBP are summarised in Figure 1 . Exercise resulted in a significant difference (P = 0.01) between trials. SBP was 158 ± 9 mm Hg during the control trial and 144 ± 12 mm Hg during the prior exercise trial averaged across baseline and post exercise ADL measurements. The decrement in SBP between the control and exercise trials was significant (P Ͻ 0.01) at all times, with prior exercise eliciting lower measurements than those following a control period of seated rest. The greatest difference between trials was 26 mm Hg and occurred during quiet standing at 5 min post exercise. The average difference in SBP during the 70-min post exercise ADL monitoring was 16 mm Hg. Prior exercise also elicited an absolute decrease in SBP from pre-exercise, baseline values at five of the nine post exercise measurements. During the post exercise ADL periods of sitting and standing (1-sit, 2-stand, 4-sit, 7-sit, 9-sit), SBP was consistently between 12 and 17 mm Hg below baseline values. Figure 1 The effects of prior exercise on SBP during subsequent mild exercise and simulated activities of daily living (mean ± s.e.m.). *Prior exercise trial different from non-exercise control; **prior exercise trial main effect significantly different from control trial; +, different from trial baseline. Details of the protocol for simulating activities of daily living are provided in the text.
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As illustrated in Figure 2 , DBP exhibited a similar pattern. Following 30-min of cycling, blood pressure was significantly lower (P Ͻ 0.01) than after a control period of seated rest during seven of the nine ADL measurements. Only the periods of 5-cycle and 6-walk failed to reach significance, although lower than in the control trial. The maximum difference occurred during seated rest (4-sit) and was 7 mm Hg below the non-exercise control value at the same time point. The average between trials reduction in DBP was 5 mm Hg. During the periods of seated rest, DBP was also reduced from baseline during the prior exercise trial. The average decrement from baseline during seated rest (1-sit, 4-sit, 7-sit and 9-sit) was 5 mm Hg.
As shown in Figure 3 , post exercise ADL measurements of MAP were significantly (P Ͻ 0.01) lower at all time points when compared to the non-exercise control values at similar time points. Average MAP following the rest only trial was 99 ± 6 mm Hg and 91 ± 7 mm Hg following the prior exercise trial. The average decrease in the post exercise ADL period was 8 mm Hg with a nadir of 13 mm Hg occurring during the second period of seated rest (4-sit). MAP was also reduced from baseline values in the prior exercise trial at the sitting and standing measurements (1-sit, 2-stand, 4-sit, 7-sit, 9-sit) by 5-8 mm Hg.
Across all time points, heart rate was significantly higher during the prior exercise trial by 18 beats per min (bpm) (82 ± 10 vs 99 ± 11 bpm). Collapsed across trials, the heart rate was significantly (P Ͻ 0.01) higher than baseline measures at all time points (Figure 4) .
HRV data showed no differences between trials with respect to the LF:HF area ratio. However, a significant (P Ͻ 0.01) decrease from baseline in the Figure 2 The effects of prior exercise on DBP during subsequent mild exercise and simulated activities of daily living (mean ± s.e.m.). *Prior exercise trial different from non-exercise control; +, different from trial baseline. Figure 3 The effects of prior exercise on MAP during subsequent mild exercise and simulated activities of daily living (mean ± s.e.m.). *prior exercise trial different from non-exercise control; **prior exercise trial main effect significantly different from control trial; +, different from trial baseline.
Figure 4
The effects of prior exercise on heart rate during subsequent mild exercise and simulated activities of daily living (mean ± s.e.m.). *prior exercise trial different from non-exercise control; **prior exercise trial main effect significantly different from rest trial; +, different from trial baseline.
LF:HF area ratio at the 5-walk and 6-cycle trials was found across both trials (P Ͻ 0.01). Across both trials, the HF:Total area ratio was significantly (P Ͻ 0.01) increased from baseline during the following time points: 3-walk, 5-cycle, 6-walk and 8-wtwalk. Additionally, there was a significantly greater HF:Total area ratio during the pre-exercise trial at the 3-walk and 6 walk time points as compared to the same time points during the non-exercise control trial.
Discussion
Direct measurements of radial arterial blood pressure indicated that SBP, DBP and MAP were lower when preceded by prior exercise compared to the non-exercise control measurement. This decrement persisted throughout the 70-min monitoring period of mild exercise and activities, including sitting, standing, cycling, and walking with and without weights.
Although some studies have found prolonged blood pressure decrements after exercise, 8, 10 many laboratory studies have suggested that PEH may not persist longer than 1-2 h. 4, 11, 15 In a controlled setting and using direct blood pressure measurements, our results indicated that exercise reduced SBP, DBP and MAP. These reductions occurred during periods of seated rest as compared to baseline levels as well as at most time points when compared to measurements not preceded by prior exercise. The decrements in SBP, DBP and MAP following exercise when compared to a control period of seated rest remained significant to the end of the 70-min post exercise ADL monitoring period with no indication of returning to pre-exercise values. The fact that blood pressure values between the prior exercise and non-exercise control trials began to diverge after every post exercise monitoring period that included dynamic movement (eg, 3-walk, 5-cycle, 6-walk, 8-wtwalk) suggested that ADL may augment the post exercise reduction in blood pressure.
In the present study, prior exercise attenuated the blood pressure response to subsequent mild exercise in spite of the fact that HR was higher throughout this period, compared to the control condition. Possible mechanisms that might cause PEH include a reduction in sympathetic efferent activity 4 and/or a decreased peripheral resistance in skeletal muscle and other vascular beds. 2, 5 Our finding that heart rate was significantly higher following the prior exercise condition and, more directly, that there was no difference between trials in the HRV, indicative of sympathetic nerve activity, suggests that sympathetic efferent activity was not decreased during the period over which the hypotension occurred. Previous studies using borderline hypertensive subjects have also used a subject population with resting blood pressure at the lower end of the spectrum (SBP = 135-144 mm Hg). 3, 4, 11, 12 The maximal SBP reductions found in those studies were between 9 and 13 mm Hg. The largest decrement in SBP in the present study was 17 mm Hg as compared to the pre-exercise baseline and 26 mm Hg relative to the control trial. The present study confirms the occurrence of PEH in this borderline hypertensive population. The disparity in magnitude between studies may be due to the ability of the intra-arterial method to more accurately detect pressure changes as compared to the auscultatory measures used in other studies. Although diastolic hypotension is not always evident following exercise, we found that prior exercise lowerd diastolic pressure by an average of 5 mm Hg (both absolute as compared to preexercise baseline and relative as compared to no prior exercise control measurements) and at times as much as 7 mm Hg below control measurements over the 70-min post exercise period. Using a similar population, Hara and Floras 12 noted a 6-mm Hg drop in DBP during supine rest at 1 h post exercise. Other studies have shown no decrement in DBP. 4, 11 Given the day-to-day blood pressure variability often found in individuals with borderline hypertension, which is often more evident in DBP, these contradictory results may be due to the inter-trial variance.
Overall, the results of this study indicate that a relatively brief period of exercise can result in an acute lowering of blood pressure. Furthermore, this hypotension is evident and may even be augmented during subsequent mild exercise and activities of daily living. Although we observed that this effect persisted for 70 min, future work needs to examine the duration of this decreased pressure under such conditions.
